HIGH RESOLUTION INFRARED SPECTRA OF TRIACETYLENE by Doney, Kirstin D
Kirstin D. Doney - ISMS - 2015-06-25
HIGH RESOLUTION INFRARED 
SPECTRUM OF TRIACETYLENE*
Kirstin D. Doney, Dongfeng Zhao, Harold Linnartz 
Sackler Laboratory for Astrophysics, Leiden Observatory, University of  Leiden, the Netherlands      
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 *submitted to JMS
1
Kirstin D. Doney - ISMS - 2015-06-25
MOTIVATION
- Triacetylene (HC6H) is believed to be  
key intermediate in formation of long  
chain hydrocarbons and possibly PAHs 
- Has been detected in space through  
v11 and v8+v11; but not everywhere 
where it’s expected 
- The vibrational information is limited 
‣ Only 6/13 vibrational modes  
have been observed in detail  
 
2
HST Image of CRL 618.; Trammell et al. 2000Cernicharo et al., ApJL 546 (2001) L123  
Cernicharo et al., ApJ 728 (2011) 43 
Bernard-Salas et al., ApJL 625 (2006) L29
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a) Bjarnov et al. Spectrochim. Acta part A, 30 (1974) 1255 
b) This work 
c) McNaughton & Bruget, JMS 150 (1991) 620 
d) Haas et al., JMS 164 (1994) 445!
e) Matsumura et al. JMS, 131 (1988) 278!
f) Haas et al., JMS 167 (1994) 176
3329.0533(1)
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EXPERIMENTAL SETUP - SPIRAS
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- Combined supersonic pulsed planar plasma with 
cw-CRDS         
- 0.3% HC2H diluted in Ar  
with -525 V applied HV pulse  
- Thin slit discharge nozzle 
‣ Near Doppler-free line  
widths 
- IR light source: idler beam of a  
continuous wave OPO:  
     ~3100-4100 cm-1
Zhao et al., Chem. Phys. L. 565 (2013) 132
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OVERVIEW SPECTRUM
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- Trot = 23 K 
- Freq. uncert. = 0.001 cm-1  
- Line widths = 0.003 cm-1
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D. Zhao, K.D. Doney, H. Linnartz, JMS, 296 (2014) 1
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- ν5 mode  (1Σu ) 
- Based on room-temperature data: 
Matsumura et al., JMS 158 (1993) 489           
 
 
 
 
 
 
 
 
# Lines = 124 
- heavily perturbed at  
  J’ = 21, 49, and 53  
- weaker perturbations at 
  J’ < 10 and J’ > 100 
 
Figure: experimental spectrum 
in black, simulated spectrum with  
PGOPHER in blue
C-H ASYMMETRIC FUNDAMENTAL
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# Lines = 124 
- heavily perturbed at  
  J’ = 21, 49, and 53  
- weaker perturbations at 
  J’ < 10 and J’ > 100 
 
Figure: experimental spectrum 
in black, simulated spectrum in 
blue, R(15) – R(27)
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PERTURBER STATE - CORIOLIS 
INTERACTION
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- Nature of Perturbation: Heterogeneous (L-uncoupling) 
Σu (ν5) + Πu (Perturber) 
 
Perturber state has an infrared intensity  
~10% that of the v5 state 
- ζ = 6.86(5) x10-4 cm-1 
# Lines = 65 to v5 and  
14 to the Perturber state 
 
 
Figure: experimental spectrum  
in black, simulated v5 spectrum in  
blue, perturber in red
+
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- Nature of Perturbation: Heterogeneous (L-uncoupling) 
Σu (ν5) + Πu (Perturber)  
 
Perturber state has an infrared intensity  
~10% that of the v5 state 
 
- ζ = 6.86(5) x10-4 cm-1 
# Lines = 65 to v5 and  
14 to the Perturber state  
 
Figure: experimental spectrum in  
black, v5 simulated spectrum in  
blue, R(15) – R(27), and  
perturber simulated spectrum 
in red, R(17) – R(25)
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THE FIT
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 Key:  
 Perturber State 
 ν5 State 
    R branch lines 
    P branch lines
Matsumura et al., JMS 158 (1993) 489 
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PERTURBER STATE - FERMI  
RESONANCE
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- Nature of Perturbation: Homogeneous 
  
Σu (ν5) + Σu (Perturber)  
Perturber state has an infrared intensity  
~10% that of the v5 state 
- W = 2.18(2) x10-2 cm-1 
# Lines = 65 to v5 and  
12 to the Perturber state 
 
 
Figure: experimental spectrum  
in black, simulated v5 spectrum in 
blue, perturber in red
+ +
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PERTURBER STATE - FERMI  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- Nature of Perturbation: Homogeneous 
  
Σu (ν5) + Σu (Perturber) 
 
Perturber state has an infrared intensity  
~10% that of the v5 state 
- W = 2.18(2) x10-2 cm-1 
# Lines = 65 to v5 and  
12 to the Perturber state 
Figure: experimental spectrum  
in black, v5 simulated spectrum  
in blue, R(15) – R(27), and  
perturber simulated spectrum 
in red, R(16) – R(25)
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 Key:  
 Perturber State 
 ν5 State 
    R branch lines 
    P branch lines
Matsumura et al., JMS 158 (1993) 489 
w/o Fermi Resonance
J’
(cm-1)
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Matsumura et al., JMS 158 (1993) 489 
w/ Fermi Resonance
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THE FITS
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Matsumura et al., JMS 158 (1993) 489 
w/ Coriolis Interaction w/ Fermi Resonance
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 Key:  
 Perturber State 
 ν5 State 
    R branch lines 
    P branch lines
B0 = 0.0441727(27) cm-1 from v8 fundamental - Matsumura et al., JMS 131 (1988) 278;  
B0 = 0.04417223(15) cm-1 from average of v5; v6; v11; v8+v11 - McNaughton & Bruget, JMS 150 (1991) 620; 
B0 = 0.04417177(14) cm-1 from v13 fundamental - Haas et al., JMS 164 (1994) 445
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- Observed: 5 10 ; 5 11 ; 5 13  with band origins at 3328.5829(2) cm-1 (green);  
  3328.9994(2) cm-1 (red); and 3328.2137(2) cm-1 (blue) 
- All are Π – Π transitions 
- Due to internal CCC bending  
modes, and CCH asymmetric  
bending mode 
- Tvib ~ 105 K 
 
 
 
 
Figure: experimental spectrum  
in black, simulated spectra are in  
colors
HOT BANDS
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COMBINATION BAND
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- Observed 1 8 11  with a band origin at 3310.8104(2) cm-1 
- Π – Π transition 
- Due to internal CCC asymmetric  
bending mode and CCH symmetric  
bending/CH symmetric stretch  
combination  
!
 
 
 
 
 
Figure: experimental spectrum in  
black, simulated spectrum in  
green
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COMBINATION BAND
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- Observed 1 8 11  with a band origin at 3310.8104(2) cm-1  
- Π – Π transition 
- Due to internal CCC asymmetric  
bending mode and CCH symmetric  
bending/CH symmetric stretch  
combination  
 
Figure: experimental spectrum  
favoring HC6H in black, 
experimental spectrum favoring 
HC4H in red, simulated spectrum  
in green
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NEW BAND PARAMETERS
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a. Haas et al., JMS 167 (1994) 176 —> v11 fundamental!
b. McNaughton & Bruget, JMS 150 (1991) 620 —> 1110 1011 hot band 
c. Haas et al., JMS 164 (1994) 445 —> v13 fundamental
a
a
b
c
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SUMMARY
- SPIRAS has high detection sensitivity and molecular 
selectivity 
- First observation of the perturber state of the ν5 
fundamental band 
‣ More perturbed compared to diacetylene,  
but unidentified  
- First observation of 5 10  , 5 11 , and 5 13  hot bands 
and 1 8 11  combination band 
‣ Not as vibrationally excited as diacetylene in the 
discharge plasma
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PERTURBER STATE - COMPARISON
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w/ Coriolis Interaction – P Branch       R Branch
w/ Fermi Resonance – P Branch       R Branch
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